I. INTRODUCTION

It is widely recognized that
II. MATERIAL AND METHODS
Study Area
All laboratory and computer work in this study was conducted at the University of Colorado, Boulder, Colorado, U.S.A. Field work was performed at a site on the eastern slope of the Front Range of the Rocky Mountains at a location approximately 16 km southwest of Boulder (NE l U sec. 11 and NW V4 sec. 12, T1S, R72W, Tungsten Quadrangle). Our study site of 3.6 ha was located in a gently sloping, bowl-shaped, approximately 76-ha meadow at 2440 m elevation. The site, grazed by horses, included both west-and south-facing slopes and several rocky outcrops.
The conspicuous plant taxa occupying the tract included Ppa spp., Bromus spp..
Iris missouriensis, Thermopsis divaricarpa, Helianthus annuus, and
Helianthella quinquenervis. The surrounding forests consisted mostly of stands of ponderosa pine (Pinus ponderosa), douglas fir (Pseudotsuga menziesii), and of lodgepole pine (Pinus contorta). A few, small stands of aspen (Populus tremuloides) were also in the vicinity.
Before other work began, a mathematical model of energy flow was constructed. Then values'for the various model parameters were obtained from field, laboratory, and computer work. This model ( Basic to the measurement of E M is the daily energy budget (DEB) of the typical (i.e. average) individual. DEB, expressed as kcal/individual-day, is the number of kilocalories needed for maintenance during an average 24-hour period. In this study its measurement was slightly modified from that originally developed by Grodziński & Górecki (1967) . The squirrels' day was divided into three components: 1) in the burrow and not moving, 2) above ground and not moving, 3) above ground and moving. Metabolic rates for each of these situations were calculated using the following equation where W is weight (in grams), T A is ambient temperature (°C) and V is velocity (km/hr). Next, the time typically spent in each one of these activities was determined (see section on Field Techniques). The following equation was then used to calculate DEB:
where HR M is the mean time (in hours) spent moving and above ground, is the metabolic rate estimated for the time spent moving above ground, HR N is the mean time spent not moving and above ground, MR N is the metabolic rate estimated for that time spent not moving and above ground, HR B is the mean time spent in the burrow and not moving, and MR B is the metabolic rate estimated for that time spent in the burrow and not moving.
Once DEB was calculated, E M could be determined. The E M equation:
(I) (ID shows the energy loss to metabolism to be composed of two parts: (I) the loss due to the collective metabolism of all the individuals excluding losses due to reproduction, where X is the length of the active season and M m is the mean density and (II) the loss due to reproduction, where Y is the combined length of gestation and lactation and N AF is the density of reproducing females. To calculate the metabolic cost of reproduction several assumptions were made: 1) reproduction was assumed not significantly to increase energy expenditure for males, 2) the increased expenditure for females was limited to the periods of gestation and lactation, and 3) this increased expenditure was similar to that of the only other rodents studied: Clethrionomys glareolus. Mus musculus and Microtus arvalis. G r o d z i risk i & Wunder (1975) summarized the data for these three rodents and presented a mean percentage increase of 61% in respiration over non-reproducing females of the same body size. Therefore, the component (II) was used as a correction factor for the metabolic cost of reproduction.
Field Techniques
The field work was performed from April 1974 to June 1976. Information concerning density, survival, immigration, age and sex ratios, and weight as well as behavior and microclimate was necessary to test the model. Employing National live-traps (#201) baited with peanut butter, raisins and chopped apple, squirrels were trapped, marked and released throughout their active seasons. Each animal was uniquely marked with freeze-brands (H a d o w, 1972) and/or ear tags (National Tag Co. size #1). Each time a squirrel was captured, weight (to nearest 5 grams), total and tail length (to nearest 0.5 cm), age, sex, reproductive condition and identification number were recorded. Density (i.e. minimum number known to be alive) was determined by using computer programs provided by K r e b s (1972).
Survivorship was determined using a calendar of occurrence. In addition to capture-mark-recapture data, sightings for each individual were compiled on a weekly basis to determine the origin and fate of each individual.
Litter size was obtained in 1975 by counting the number in each litter during the four days after they first appeared above ground. This count is possible because litter mates group together and do not wander away from the nest burrow entrance during this time. The largest count for each of seven litters was used to determine a mean litter size.
Because wind, humidity, radiation and air temperature affect the thermal balance of an animal, operative environmental temperature, as developed by B a kk e n (1976) and as applied to S. richardsonii by B y m a n (manuscript in prep.), was used as ambient temperature in Wunder's equation. To obtain operative environmental temperature the following data were gathered: 1) air temperature at the soil surface and at 200 cm above the surface, wind speed at 28 cm above soil surface, relative humidity, total sky and ground radiation and total solar short wave radiation. Because wind and radiation probably have negligible effects inside the animal's burrow, air temperatures obtained one meter down the tunnel from the entrance were used as ambient temperatures.
In addition the percentage of time spent above ground, the percentage of time spent moving when above ground, and running speed of the squirrels were obtained. Running speed was obtained by timing the movements of individuals among landmarks in the field. Likewise, the percentage of time spent above ground was determined on eight days during the summer of 1976. The number of minutes that an animal spent above ground was recorded for observation sessions which lasted from 3.75 to 6.5 hours and encompassed all daylight hours. The percentage of time above ground was converted to the number of hours above ground during a 24-hour day. The percentage of time moving versus not moving was obtained from time budgets of the squirrels activities (Z e g e r s, 1977) obtained via metronome timing (W i e n s et al., 1970).
Laboratory Techniques
Fifteen individuals from the study area were sacrificed and brought into the laboratory. Each stomach-free carcass was dried and ground separately to a homogeneous mass in alcohol. Then, following standard chemical techniques and using a Labco Goldfisch Extraction Apparatus, lipid was extracted from three randomly selected, 3-gram samples of this material for each individual. Fat index (F. I.=grams fat/grams dry lean weight), percent fat, percent water, percent dry lean weight, and percent dry weight were obtained. In addition, one gram samples of the remaining homogeneous mixture were burned in Parr Oxygen-bomb Calorimeter to determine the caloric value of Richardson's ground squirre^ tissue.
III. RESULTS
Field Data
Mean summer density, density at arousal, and density at hibernation were higher in 1974 than 1975 ( Table 1 ). The number of animals lost Table 1 Densities of Spermophilus richardsonii elegans in a montane meadow ecosystem.
Units are number per hectare. The remaining data needed for computing DEB are summarized in Table 3 . Mean velocity for moving ground squirrels was 5.5 Km/hr (range 0.47 to 32.4; SD = 5.80; n=180); mean operative environmental (Table 6 ) indicates the accuracy of the E c value we obtained. . Therefore, although our model gives no information concerning social interaction as a densityregulating mechanism, data from other populations of sciurids suggest that this is likely to be the case.
